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The response function approach is proposed to include vibrational
state in calculation of level density. The calculations show rather
strong dependence of level density on the relaxation times of col-
lective state damping.
1 Introduction
Level density ρ is one of the main quantities to define characteristics of nu-
clear decay. The collective states can strongly effect on level density, specifi-
cally, at low excitation energies [1]-[6]. Calculation of the variation factor K
of level densities is the simplest method to estimate effect of the vibrational
states on level densities. The factor K is the ratio of level densities with and
without allowing for vibrational states. The level densities can be calculated
within framework of statistical approach by standard saddle-point method[1]
or modificated one[7]. It was found[8] that factor K is practically indepen-
dent of type of statistical approach. Therefore we will use below standard
saddle-point method as a simplest way for calculation of the variation factor
of level density.
In this contribution work the effect of the vibration state damping on
nuclear level density is studied on the base of response function approach in
wide range of excitation energies. The dependence of variation factor K on
damping of vibrational state is investigated.
1
2 Response function method for calculation
of the level density variation
Variation factor of level density is defined as
K = ρ/ρ0, (1)
where ρ and ρ0 are level densities with and without allowing for vibrational
states.
The level density has the following form within framework of statistical
approach in standard saddle-point method[1]
ρ (U,A) =
(
4pi2D
)
−1/2
expS (α0, β0) , (2)
where S (α0, β0) = −α0A + β0E + lnZ (α0, β0) is entropy of nucleus with
mass number A at excitation energy U = E−Eg.s with Eg.s for ground state
energy; Z (α, β) = Tr
[
exp
(
−βHˆ + αAˆ
)]
- partition function; Hˆ - nuclear
Hamiltonian; Aˆ - operator of particle number; D - determinant of second
partial derivatives of logarithm of partition function with respect to param-
eters α and β. The saddle-points α0, β0 define temperature (T = 1/β0)
and chemical potential (µ = α0/β0). They are solutions of the system of
thermodynamic state equations A = ∂ lnZ/∂α, E = −∂ lnZ/∂β.
We use conception of random phase approximation and suppose that col-
lective vibrational states of the multipolarity L are formed by the separable
residual interaction V kres = k QˆLQˆ
+
L , where QˆL is one-body operator of mul-
tipole momentum with multipolarity L, QˆL ∝ r
LYLM , and k is a coupling
constant.
The partition function can be presented in the form[3] Z = Z0 ·∆Z, where
Z0 is partition function of the independent particle model. The quantity ∆Z
can be expressed by variation of thermodynamic potential ∆Ω in the form
∆Z = exp(−β∆Ω) with the following equation for ∆Ω
∆Ω =
k∫
0
dk′
〈
QˆLQˆ
+
L
〉
/2 =
2L+ 1
2pi
k∫
0
dk′
+∞∫
−∞
−1
eβε − 1
ImXk
′
L dε. (3)
Here, Xk
′
L is nuclear response function[9] on external field proportional to
QˆL with frequency ω = ε/h¯; symbol < ... > denotes averaging over total
Hamiltonian with residual interaction V k
′
res. The final expression in right-
hand side of the eq.(3) is obtained after transformation of relationship for
2
∆Ω with the use of Green function method[10]. Finally variation of the
partition function is presented in the following form
∆Z (β) ≡ ∆Zvib =
∏
j
∣∣∣∣∣∣∣

1− exp
(
−
(
E0j + iΓ
0
j
)
β
)
1− exp (− (Ej + iΓj) β)


2L+1
∣∣∣∣∣∣∣
(4)
with the use of transformation similar to that one from Ref.[11] Here, Ej, Γj
are real and imaginary parts of solutions of the equation
k − 1/X0L(ε) = 0, (5)
and E0j , Γ
0
j are real and imaginary parts of roots of the equation 1/X
0
L(ε) = 0
with X0L for response function of independent particle model (k = 0).
3 Calculations and conclusion
Semiclassical Vlasov-Landau approach for response function[9] was used in
the calculations. The nuclear mean field and relaxation processes can be
easy taken into account in this approach. Collision integral was considered
in relaxation time approach. Three different parametrizations of relaxation
time τc were adopted with taken into account retardation effects[12, 13].
1) Expression within framework of transport theory[12, 13]
h¯/τc (ε, T ) =
(
(ε/2pi)2 + T 2
)
/4.07 MeV. (6)
2)Relaxation time due to model of doorway state
h¯/τc (ε, T ) = 2pi
(
Km
A3
)
g3
2
(ε+ U)2
3 + n¯
, (7)
where n¯ = 0.843 a T ; Km is defined from agreement between relaxation times
given by eqs.(6) and (7) at T = 0 and at GQR energy; g = g (εF ) = 6a/pi
2
with level density parameter a = A/8 MeV−1.
3) Model of doorway state
h¯/τc (ε, T ) = 2pi
(
KB
A3
)
g3
8
(ε+ U) , (8)
where KB is defined from agreement with relaxation times given by eqs.(6)
and (8) at T = 0 and at GQR energy.
The dependence of variation factor K on excitation energy is shown on
fig.1 for nucleus 56Fe. Low-lying quadrupole state with energy E2+, exp =
3
0.847 MeV was taken into account; histogram is microscopic calculation and
experimental values[4]. Solid line shows calculation with relaxation time
given by eq.(6), dash - with relaxation time according to eq.(7), dotted -
eq.(8) for τc.
Parametrization of relaxation time given by eq. (8) leads to small value of
variation factor in comparison with other parametrization of relaxation times.
Level density rather strongly depends on a relaxation times. It can give an
additional possibility for investigation of the relaxation time dependence on
temperature and collective state energy.
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Fig. 1: Variation factor of level density for 56Fe at different relaxation
times; lines: solid - relaxation time due to (6), dash - (7), dotted -
(8); histogram - microscopic calculation and experimental values[4].
